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Objectives of workshop:

Explore scientific questions and set priorities for a large-scale aerosol-cloud research 
facility. 
Obtain a sense of priorities for the range of scientific challenges that are likely to be 
amenable to laboratory investigation. 

Two of the overarching questions considered throughout the discussion:
• What can we learn with a large-scale aerosol-cloud chamber that would be 

difficult to learn otherwise?
• What would a large-scale aerosol-cloud chamber look like and what measurement 

capabilities should be associated with it?
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• Cloud Chamber Studies of Aerosol-Cloud Interactions: Historical Perspective (Sonia Kreidenweis)
• Laboratory Studies of Boundary-Layer Clouds (Juan Pedro Mellado)
• Aerosol-Cloud Interactions: Outstanding Questions… And how they might be addressed in a new 

Cloud Chamber Facility (Graham Feingold)
• Aerosol and cloud chemistry within a large-scale cloud chamber (Neil Donahue)
• Problems of mixed-phase and cold cloud microphysics and potential ways of addressing them 

(Alexei Korolev)
• Science opportunities and possible developments for remote sensing within a large-

scale cloud chamber (Pavlos Kollias)
• Aerosol-cloud laboratory research facilities in Europe (Dennis Niedermeier)
• Aerosol-cloud laboratory research facilities in Asia (Lulin Xue)
• Aerosol-cloud laboratory research facilities in North America (Will Cantrell)
• Modeling cloud-aerosol interactions: Inter-comparison of modeled microphysics using laboratory 

measurements (Sisi Chen)
• Aerosol-cloud-turbulence instrumentation for a large-scale laboratory facility (Patrick Chuang)

Workshop Presentations
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Why the laboratory?
• Well characterized boundary and initial conditions
• Known inputs, such as aerosol (controlled composition and size)
• Constant forcing (e.g., aerosol-cloud interactions with no 

“meteorology”)
• Aerosol and cloud microphysical properties can be measured in 

detail (size distributions and particle phase, interstitial and 
residual aerosols, etc.)

• Repeatability, or ability to sample under steady-state conditions 
(dynamic equilibrium)

• Isolation of processes or mechanisms
• All of these factors enable detailed comparison to theory and 

computational (simulations and models)
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Aerosol-cloud chemistry

Aerosol processing by clouds

Radiative transfer in clouds (3D 
correlated clouds, ice crystals)

Cloud electrification

Onset of collision-coalescence

Aerosol indirect effects

Collision-coalescence rates

Testing and calibration of 
instruments

Ice nucleation

Secondary ice processes

Evaluation of LES + microphysics

Evaluation of Lagrangian vs Eulerian microphysics
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Examples of Processes 
Suitable for Laboratory 

Investigation



US Weather Bureau Cloud Chamber
20-m diameter 
3000-m3 volume
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Calspan chamber 590 m3
20
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Operational Aerosol-Cloud 
Research Facilities

(reviewed during workshop)
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List et al. BAMS (1986)



What has changed since 1985, and why consider this again?
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What has changed since 1985, and why consider this again?

• Many of the same problems exist: collision-coalescence 
efficiency, primary and secondary ice formation in mixed-phase 
clouds, etc.

• The problems are broader: more than cloud and precipitation 
physics. Aerosol-cloud indirect effects, radiative transfer, aerosol 
and cloud chemistry, turbulence interactions

• New experimental approaches (e.g., turbulent mixing cloud vs 
expansion chamber), and improved instrumentation for aerosol, 
cloud, turbulence, radiation measurements.

• Emergence of high-fidelity computational models that need to 
be validated and improved, but also that can be used to 
enhance the interpretation of measurements.
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Shaw et al. BAMS (2020)
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Credit: Jessica Brassard

Large-scale facility concepts:

• Entrainment, free-interface 
wind tunnel

• Convection chamber
• Expansion chamber with fixed 

air mass
• Vertical wind tunnel (e.g., mine 

shaft)

Possible collocation of several 
chambers, and in-situ/remote 
monitoring of environment (shared 
instrumentation and personnel)
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Pi Convection-Cloud Chamber Model Intercomparison

• Organizers: Sisi Chen (NCAR) & Steve Krueger (Univ. Utah)
• International Cloud Modeling Workshop – Pune, India, Summer 2021
• Fall 2020 virtual meeting with 7 participating groups (NCAR, Notre 

Dame Univ., MTU, TROPOS, Univ. Hyogo, Univ. Utah, Warsaw Univ.)
• Simulate a “turbulent mixed-layer” with constant injection of CCN, 

cloud droplet growth by condensation, removal by sedimentation
• Compare microphysical properties from various modeling approaches: 

LES vs DNS, bin vs Lagrangian microphysics, etc.
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Chandrakar et al. PNAS (2016)33
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Michigan Tech Pi Chamber

Will Cantrell, Ian Helman, Prasanth Prabhakaran, 
Raymond Shaw, Abu Sayeed Md Shawon, Subin

Thomas, Jaemin Yeom

Fan Yang (lead), Satoshi Endo, Allison McComiskey, 
Andy Vogelmann, Tao Zhang Mikhail Ovchinnikov

Simulations to Support Designing a Cloud Chamber for Studies of Aerosol-Cloud Interactions
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